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The aim of this study was to examine the mechanism by which the follicles become ovulable.
Pregnant mare serum gonadotropin (PMSG)-priming and hypophysectomy make follicles ovulable.
We observed ultrastructural changes of follicular germinal disc region after PMSG-priming and hypophysectomy and determined a common feature of ovulable follicle. In the second largest (F2) and smaller follicles of control birds, those are not ovulable, many smooth endoplasmic reticulum-like vesicles were localized in germinal disc and cytoplasmic process of granulosa cells formed gap junctions with oolemma.
On the other hand, in the germinal disc region of large follicles of PMSGprimed and F2 follicle of hypophysectomized birds which are ovulable, gap junctions between cytoplasmic process of granulosa cells and oolemma were disintegrated, and vesicles in germinal disc were shrunken.
We assume that these histological changes in the granulosa cell-to-oocyte communications and smooth endoplasmic reticulum may be involved in the process by which a follicle becomes ovulable.
(Jpn. Poult. Sci., 33: 357-365, 1996) Key words: ovulation, hypophysectomy, PMSG-priming, oocyte-follicular cell interaction In hens, the preovulatory follicles are arranged in a hierarchy based on their size.
The largest follicle (F1) is destined to ovulate next, and the second largest follicle (F2)
to ovulate the next day, and so forth. Ovulation of F1 follicle occurs 4-6h after the LH surge (JOHNSON and TIENHOVEN,1980) . The follicular cells of growing follicle are more sensitive to FSH and estrogen (CALVO et al., 1981; KAMIYOSHI et al., 1986; RITZHAUPT and BAHR, 1987; YOSHIMURA et al., 1995 b) , and produce a greater amount of estrogen as compared to those of F1 follicle (JOHNSON, 1990; BAHR, 1991) . On the other hand, the sensitivity of follicular cells to LH and progesterone (CALVO and BAHR, 1982; YOSHIMURA et al., 1995 a) as well as progesterone producing activity are higher in F1 follicle than growing follicles (BAHR et al., 1983; JOHNSON, 1990; BAHR, 1991) . Although the hormo-nal control for follicular growth and maturation are well studied, the mechanism by which only the F1 follicle, but not other follicle, ovulates has not been fully determined.
The germinal disc is located in the surface of oocyte and considered as metabolic center of the oocyte because ooplasmic organelles are condensed in this region (YOSHIMURA et al., 1993 a) . Current reports showed that the germinal disc region has the specific functions in a follicle. It was found that the granulosa cells on the germinal disc form gap junctions with oolemma in immature preovulatory follicle of Japanese quail, suggesting a presence of cell-to-cell communication between them (YOSHIMURA et al., 1993 b) . These junctions disintegrate when an oocyte undergoes resumption of meiosis in F1 follicle (YOSHIMURA et at., 1993 a, b) . Granulosa cells on the germinal disc proliferate more than those of other region (PERKY et al., 1978; MARRONE et al., 1990) . Furthermore, in earlier studies we have observed that destruction of the germinal disc region of immature preovulatory follicle suppressed follicular maturation and ovulation (YOSHIMURA et al., 1994; YOSHIMURA and BAHR, 1995) .
Previous studies have shown that pregnant mare serum gonadotropin (PMSG) stimulates the follicular growth and injection of PMSG primed-chickens with LH induces multiple ovulation (IMAI, 1973) . On the other hand, OPEL and NALBANDOV (1961) reported that LH induces ovulation of only the F1 follicle in normal chickens, whereas it induces multiple ovulation in chickens hypophysectomized 6h before injection. The effect of hypophysectomy on the multiple ovulation in chickens are supported by OGAWA et al. (1985) who showed an increase of sensitivity of the granulosa cells of F2 follicle to LH. Therefore, it is suggested that growing follicles become ovulable by PMSG-priming and hypophysectomy.
The aim of this study was to examine the mechanism by which the follicles become ovulable. We observed the ultrastructural changes of follicular germinal disc region after PMSG-priming and hypophysectomy which make follicles ovulable. The mechanism by which a follicle becomes ovulable is discussed on the basis of common structural aspects in these follicles.
Materials and Methods

Birds
White Leghorn hens laying more than five eggs in a sequence were maintained in individual cages under a light regimen of 14h light and 10h dark, and provided with feed and water ad libitum.
PMSG-priming of Birds
Birds (n=8 in total) were subcutaneously injected with 75 I. U. PMSG (Teikokuzohki, Kyoto, Japan) or its vehicle (saline). Priming by PMSG was considered complete when birds did not lay egg for three consecutive days, while control hens were primed with saline for 5-7 days (control). Twenty four hours after the last PMSG or saline injection, birds were sacrificed by decapitation. oolemma (Fig. 1) . The germinal disc region of smaller follicles of PMSG-primed birds showed the same feature to that of F2 follicle of control birds.
In the F1 follicle of control birds (10-14h before the expected time of ovulation), the vesicles in the germinal disc were remarkably shrunken as compared with F2. The junctions between granulosa cells and oocyte were disintegrated with forming a space between perivitelline layer and oolemma. This space showed an electron opaque feature. Formation of wide intercellular space between granulosa cells were also observed (Fig. 2) .
On the other hand, in the large follicles of PMSG-primed birds (Fig. 3) and F2 follicle 6h after hypophysectomy (Fig. 4) , the vesicles in germinal disc were shrunken, and the junctions between granulosa cell and oolemma as well as among granulosa cells were disintegrated. These features were the same as that of F1 follicle of control birds. Furthermore, increase of cytoplasmic electron density and increase in the amount of lipid droplets were observed in granulosa cells of the large follicles of PMSG-primed birds. In the follicles 12h after hypophysectomy, vesicles were developed in germinal disc but the junctions between granulosa cells and oolemma were remained disintegrated. Also, amorphous substance showing a moderate electron density was contained in the space formed between perivitelline layer and oolemma (Fig. 5 ).
Discussion
We have observed the structural changes of follicular germinal disc region of PMSG-primed and hypophysectomized birds to examine the mechanism by which follicles become ovulable. Large follicles of PMSG-primed birds (IMAI,1973) and the F2 follicles of birds 6h after hypophysectomy (OPEL, and NALBANDOV, 1961) ovulate by the stimulation of LH. Significant findings of present observation were; in these ovulable follicles, (1) gap junctions between cytoplasmic process of granulosa cells and oolemma were disintegrated, and (2) vesicles in germinal disc showed a shrunken appearance as compared to those in control follicles.
The smaller follicles of PMSG-primed birds and F2 follicle of control and hypoxcontrol birds do not ovulate under LH stimulation.
In these follicles cytoplasmic process of granulosa cells formed gap junctions with oolemma. Presence of gap junctions between granulosa cell and oolemma was also reported in the growing follicles of Japanese quail (YOSHIMURA et at., 1993 b) . We have reported that atresia was induced in growing follicles by destruction of germinal disc region (YOSHIMURA et al., 1994; YOSHIMURA and BAHR, 1995) . Therefore, it is suggested that oocyte-follicular cell communications through gap junctions may play an important role for follicular growth. Reports in mammals suggested that signals from oocyte may be involved in the regulation of differentiation of follicular cells (HUBBARD and ERICKSON, 1988) . Such signals may effect on the granulosa cell proliferation and differentiation also in hens because the granulosa cells in germinal disc region proliferate more actively and produce less amount of progesterone than other region (PERRY et at., 1978; MARRONE et al., 1990) . The disintegration of gap junctions were equally observed in all ovulable follicles, namely the F1 follicle of control bird (10-14hr before ovulation), large follicles of PMSG-primed birds and the F2 of hypophysectomized bird. Therefore, it is likely that the cessation of granulosa cell-to-oocyte communications by disintegration of their gap junctions are common feature for all ovulable follicles.
Previous reports in mammals have indicated that follicular cells may provide oocyte with inhibitors of resumption of meiosis through gap junctions (SATO and KOIDE, 1984; SIRARD and BILODEAU, 1990) . However, in chickens presence of such factor was not suggested because as it was found in this experiment germinal vesicle was maintained in the follicles whose gap junctions were disintegrated.
Also, we have observed that oocyte ovulated by LH injection in hypophysectomized birds contained germinal vesicle, suggesting that germinal vesicle was not brokendown in them (unpublished data).
On the other hand, germinal disc contained developed vesicles in smaller follicles of PMSG-primed birds and F2 follicle of control birds. These vesicles were shrunken in the F1 follicle of control birds, large follicle of PMSG-primed birds and F2 follicle of birds 6h after hypophysectomy. We assume that these vesicles are smooth endoplasmic reticulum and marked metabolic changes such as changes in Ca ion metabolism may occur in ooplasm when a follicle becomes ovulable.
However, further experiments are required to determine the physiological significance of this structural change. Ovulability of F2 follicle decreases 12h after hypophysectomy as compared with 6h after hypophysectomy (OPEL and NALBANDOV, 1961) . The F2 follicle 12h after hypophysectomy contained developed vesicles in germinal disc. It is likely that this result suggests the correlation of-vesicular structure development with less ovulability of follicles. However, it is also possible that the functions of vesicles may differ between normal small follicles and follicles after hypophysectomy. The development of vesicles after hypophysectomy may be associated with atretic process. In contrast, vesicles in germinal disc were not developed in immature follicles and they were developed in F1 follicle after LH stimulation in Japanese quail (YOSHIMURA et al., 1993 a, b) . Therefore, the changes of vesicular structure in germinal disc may differ among species of bird.
In conclusion, disintegration of gap junction between oocyte and granulosa cells and shrinkage of vesicles in germinal disc were observed as a common feature of 
